Leptospirosis is a zoonotic bacterial disease of worldwide importance that can affect humans and domestic and wild animals (Levett, 2001) . These bacteria are spread through the urine of infected animals and infections range from asymptomatic or subclinical to acute and fatal. Transmission occurs directly from a mammalian host or through indirect transmission via contact with Leptospira-contaminated water or soil. In Australia, leptospirosis in humans is a notifiable disease, and in temperate regions, such as Sydney, serovar Hardjo is the predominant serovar infecting humans (Biosecurity Australia, 2000) . Some Leptospira serovars are indigenous to Australia and native animals need to be recognized as a source of infection (Slack et al., 2006) . Contact with kangaroos, wallabies, native rats, bandicoots, and possums was reported in some human cases of leptospirosis.
The common brushtail possum (Trichosurus vulpecula) is the most familiar of the Australian possums because it often cohabits with people in urban areas (Matthews et al., 2004) . This species is considered a maintenance host for Leptospira interrogans serovar Balcanica in New Zealand (Hathaway, 1981; Hathaway et al., 1981) , where it was introduced in the late 1800s for fur trade. Infection with serovar Balcanica in brushtail possums is characterized by high susceptibility to infection, temporary subclinical effects, low pathogenicity to the host, long-term leptospiruria, and natural transmission within the host species (Hathaway et al., 1981; Day et al., 1997) . In New Zealand, seropreva-lence varies greatly; up to 80% of adults test positive on the North Island, whereas leptospirosis appears to be absent from brushtail possums on the South Island (Horner et al., 1996) . In Australia, antibodies to serovar Hardjo were detected in the state of Victoria (Durfee and Presidente, 1979 ) and in southeastern Australia (Milner et al., 1981) . To date there is no data on the leptospirosis prevalence in urban brushtail possums in Australia or New Zealand. These data are needed to assess the possible effect on both human health and urban brushtail possum populations. The aim of this study was to investigate the seroprevalence of Leptospira spp. in urban brushtail possums and to analyze any association between seroprevalence and geographic location, sex, age, and body condition.
Brushtail possum collection sites, handling and sampling techniques, and statistical procedures are described in Eymann et al. (2006) Methods used for serological examination are described in Smythe et al. (2002) . The sera were screened using the microscopic agglutination test (MAT) against a reference panel of 21 leptospiral serovars of L. interrogans, Leptospira borgpeterseni, Leptospira weilii, and Leptospira kirschneri species previously isolated in mainland Australia; serovar Balcanica also was included. Titers of 50 or higher were regarded as evidence of past or present exposure. Sera with antibody titers to more than one serovar were assessed for known crossreactions, and a positive result was recorded against only the most likely serovars.
Antibodies to Leptospira spp. were found in 9.6% (13/136) of individuals and in 8.9% (17/192) of all serum samples (Table 1) . Antibodies to serovar Hardjo were most common, with 85% (11/13) of the seropositive brushtail possums showing reactivity; titers ranged from 50 to 3,200. Cross-reactions occurred with the serovars Balcanica, Szwajizak, and Medanensis and individual sera reacted with up to four different serovars. Positive reactions with Medanensis are the result of antigen sensitivities and simple crossreactions; hence Medanensis is not shown in Table 1 .
After discounting Medanensis, sera from eight brushtail possums reacted to more than one serovar (Table 1) . This is most likely the result of cross-reactions between different serogroups, and in most cases the highest antibody titers were observed with serovar Hardjo. Crossreactions are common, and the highest detected antibody titer may not necessarily represent the infective serovar (Levett, 2001) . In a captive study by Hathaway et al. (1981) , brushtail possums infected with Balcanica showed higher or equivalent antibody titers to Hardjo. Therefore, in the absence of additional samples, which would allow isolation of the causative leptospires, there remains some uncertainty as to which serovar or serovars infected some of the brushtail possums. The isolation of Leptospira from urine of animals can prove difficult, and culture of actual kidney samples is more successful. This approach would have involved killing the study animals, which would have impacted further investigations of tagged animals and would not have been ethically acceptable in our study.
Two animals (15% of seropositive animals) had a single reaction to the exotic serovar Ballum, serogroup Ballum. From other studies conducted in Australia by the World Health Organization (WHO)/ Food and Agricultural Organization (FAO)/ Office International des Epizooties (OIE) Collaborating Centre for Reference and Research on Leptospirosis, Brisbane, Australia, we suggest that these two animals are likely to have been exposed to the serovar Arborea. This Ballum serogroup representative appears to be newly established in Australia and is an emerging source of leptospirosis in humans (Slack et al., 2006) . Isolation studies are needed to confirm the identity of the serovar or serovars in the Ballum serogroup found in brushtail possums. In the absence of this information, future refer- a Age class 2 5 1.0-1.5 yr (mean true age 1.2 yr); age class 3 5 0.9-3.6 yr (1.7 yr); age class 4 5 2.6-5.4 yr (3.7 yr); age class 5 5 4.2-9.3 (6.2 yr); age class 7 5 7.3-11.5 (9.6 yr). b B 5 Beecroft; P 5 Pymble.
ences for the serovar Ballum identified in this study will describe only the serogroup.
There was a significant difference in the number of seropositive animals observed in each location (x 2 519.8, P50.0006, df54), ranging from 0% (Chatswood West, n514; North Epping, n521; Scotland Island, n535), to 18% (11/62) in Pymble and 50% (2/4) in Beecroft. There was no apparent relationship with gender; 8% of females (4/52) and 11% of males (9/ 84) tested seropositive (binomial P50.27). The age distribution of exposed brushtail possums was as follows: 1/21 in age class 2 (1.0-1.5 yr), 4/45 in age class 3 (0.9-3.6 yr), 3/29 in age class 4 (2.6-5.4 yr), 3/ 11 in age class 5 (4.2-9.3 yr), and 1/3 in age class 7 (7.3-11.5 yr). Age was not determined for 27/136 of adult animals from initial trapping. There was an indication that older animals have a higher incidence of leptospirosis, but this difference between age groups was not significant (x 2 55.6, P50.24, df54). In New Zealand, it has been observed that the proportion of seropositive animals increases with age. Primary infections are thought to be acquired with sexual maturity and serovar Balcanica infection is predominantly found in brushtail possums over 18 mo of age (Durfee and Presidente, 1979; Cowan et. al, 1991) .
There was no evidence that seroconversion resulted in a decline in body weight (apart from animal 124, Table 1 ), suggesting there was no loss in body condition associated with exposure. However, two animals that were both seropositive for serogroup Ballum (39 and 110) showed severe signs of dermatitis, a condition known to affect stressed urban brushtail possums (Hemsley and Canfield, 1994) . The recapture data indicate that seropositive animals can demonstrate MAT titers for a long time (up to 9 mo as recorded for animal 3). We did not observe large changes in antibody titers between serum samples from the same animal (Table 1) . Experimental infection with serovar Balcanica in captive brushtail possums resulted in a peak in antibody titers within the first 2 wk of infection (Hathaway et al., 1981) . Titers then fell rapidly, reaching a plateau about 2 mo postinoculation; titers were maintained at almost constant levels for the remaining 11 mo of the experiment. These patterns imply that we did not detect any recent exposures in our study.
Seropositive animals were usually captured on the same properties in Beecroft and Pymble (Table 1 (Day et al., 1998) and that seroprevalence may be elevated during the breeding season months (Cowan et al., 1991) . A recent study showed that contacts between wild brushtail possums are related to mating and associated behavior and therefore mainly occur in the peak mating season (Ji et al., 2005) . Transmission of leptospiral infection in brushtail possums may be density dependent (Caley and Ramsey, 2001) , and density is potentially elevated in some urban areas (Matthews et al., 2004) .
Our results show that brushtail possums are exposed to Leptospira spp. in an urban environment. The increase in seropositive animals in few specific locations over time suggests local foci of exposure and supports that transmission of leptospirosis may be the result of affiliate or sexual behavior. Most exposed animals had antibodies to serovar Hardjo, but some cross-reaction with serovar Balcanica occurred. Two animals had been exposed to the exotic serogroup Ballum. Brushtail possums are an accidental host for serogroup Ballum; leptospiruria is not associated with infection (Hathaway et al., 1981) and severe illness can occur. Indirect contact with free-living maintenance host species such as the black rat (Rattus rattus) and house mouse (Mus musculus) are the likely source of serogoup Ballum and we occasionally encountered black rats in our brushtail possum traps. The impact of serogroup Ballum on brushtail possum populations is unknown, but because leptospires do not seem to be shed by brushtail possums infected with Ballum, public health concerns would be minimal. In contrast, some seropositive animals may have been exposed to serovar Balcanica, and therefore could pose a potential source for contaminating the urban environment with leptospires. For example, rainwater tanks may enable interspecies transmission. In Australia, the use of rainwater tanks is increasing, and tank water is generally collected from roof tops which are frequently used by urban brushtail possums as runways. In Hawaii, human cases of leptospirosis have been linked with household use of rainwater catchment systems contaminated by rat urine (Sasaki et al., 1993) . The potential role that possums could have in leptospirosis disease transmission to humans in urban Australia requires further investigation.
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